De acordo com a Regra de Bergmann, os indivíduos que habitam altitudes mais elevadas tendem a ser maiores na massa corporal ou tamanho, quando comparados com indivíduos do mesmo taxon que habitam lugares com altitudes mais baixas. Simulídeos são insetos de grande importância médica e veterinária, devido ao seu hábito hematófago tornando-se objeto de estudos a respeito de sua bionomia, ecologia e taxonomia. Estudos que abordem a influência do gradiente de altitude na morfologia dos Diptera: larvas Simuliidae são escassos na literatura, portanto, este estudo teve como objetivo investigar a influência do gradiente de altitude na morfologia dos Diptera: larvas Simullidae no Parque Nacional do Itatiaia, RJ, e assim, verificar se a Regra de Bergmann é aplicável a estes organismos. Imaturos de simulídeos foram coletados em quatro sítios durante os períodos de março e maio de 2013. Em cada sítio 30 larvas foram medidas, e estes comprimentos foram posteriormente comparados entre si através de Kruskal-Wallis, encontrando diferença significativa (P<0,05) entre os sítios em altitudes mais baixas em relação aos de altitudes mais elevadas, algo que foi corroborado através de uma análise de cluster. A altitude foi relacionada ao tamanho larvar através de uma regressão linear, demonstrando uma correlação positiva entre as variáveis, corroborando a regra de Bergmann para simulídeos. . Palavras Chave: Regra de Bergmann, Simulídeos, Parque Nacional do Itatiaia.
Introduction
A ccording to Bergmann's Rule, individuals who inhabit higher altitudes tend to be larger in body mass or size, when compared with specimens of the same organisms that inhabit places of lower altitudes. The colder the climate, the body size of the animals tends to be larger, but in regions of warmer climate the animals tend to be smaller (ASHTON, 2001; SHELOMI, 2012) .
Laboratory studies support the idea that animals raised at lower temperatures grow up on a larger body size than those reared at higher temperatures. Indeed, evaluations indicate that this pattern is observed in diverse groups of organisms, including plants, animals, bacteria and protozoa (ANGILLETA & DUNHAM, 2003) .
The biogeographic patterns can be tested for multiple groups, such as groups with wide geographical and climatic distribution, as is the family Simuliidae. Since the discovery that populations of the same taxon distributed in different locations could vary in body shape, the relationship between geographic variation and the development of organisms came to be studied and analyzed (SHELOMI, 2012) . Even though studies on black fly larvae morphology have often correlated larval size to flow conditions (CRAIG& CHANCE, 1982; PALMER & CRAIG, 2000; FIGUEIRÓ et al., 2015) , there is a gap in the knowledge of the influence of an altitude gradient on black fly body size.
Black flies are insects of the order Diptera, suborder Nematocera, and family Simuliidae. These dipterans are distributed worldwide, except in Antarctica and in some islands tha thave no running water (CURRIE & ADLER, 2008) . The insect family Simuliidae is subdivided into two subfamilies: Parasimuliinae, found in the Nearctic region and Simuliinae, of cosmopolitan characteristics (ADLER & CROSSKEY, 2015) .
Currently the Simuliidae family comprises 2,219 species, being 2,204 living species and 15 fossil Adler & Crosskey (2016) .This insect family is widely distributed, extending from the tropics to the Arctic and Antarctic Circles (ARAUJO-COUTINHO et al., 2005; FIGUEIRÓ et al., 2006) .
Due to their blood-sucking habit, black flies are prominent in human and veterinary medicine, becoming the focus of studies about their bionomics, ecology and taxonomy (ADLER & CROSSKEY, 2015) . Black flies hematophagous activity interferes on the quality of life and animal productivity, as well as their bites cause discomfort, some species of black flies are vectors of diseases and when in high incidences, tourism and farming are also affected. Some species of black flies are vectors of the nematode Onchocerca volvulus Leuckart, 1893, which damages the skin and can produce eye injuries that often lead to blindness. The literature also suggests that Endemic Pemphigus Foliaceous or "fogo selvagem", which is a self-immune disease, is triggered by the bite of black flies (EATON et al.,1998) .
The unique features of the biology and ecology of black flies explains the occurrence of several populations, forming communities of different species along the rivers and streams. The distribution and abundance of species along a water shed are influenced by several factors, such as the size and flow of water courses, substrate availability for the fixation of the immature stages, substances dissolved in water, food availability, composition of the riparian forest, altitude and anthropogenic inter-ference in the neighboring areas of the breeding sites (HAMADA & MCCREADIE, 1999; KUVANGKADILOK et al., 1999 , 2014 , BERTAZO & FIGUEIRÓ, 2012 .
This study aimed to investigate the influence of the altitude gradient in the morphology of Diptera: Simullidae larvae in the Itatiaia National Park, RJ, and thus verify if Bergmann's Rule is applicable to these organisms.
Methods

Study area
The Itatiaia National Park was the first national park created in Brazil, founded in June 1937 it is located in the southeast of the State of Rio de Janeiro. Situated in the Serra da Mantiqueira, the Itatiaia National Park covers the municipalities of Resende and Itatiaia, in the State of Rio de Janeiro, Bocaina de Minas and Itamonte in Minas Gerais, whichare approximately 60% of its territory. Situated between the coordinates 44 • 34-44 • 42W and 22 • 16-22 • 28S, it is characterized by mountains and rocky elevations, with altitudes ranging from 540m.a.s.l. to 2.791m.a.s.l. in its peak, the Pico das Agulhas Negras. The Park is subdivided in the lower end (lowlands) Itatiaia Park, where the visitor center is located, and the upper end (highlands),where the Agulhas Negras peak is located.
Sampling sites
The collection of immature black flies was performed in four sites in different altitudes (Figure 1, Table 1 ). Collecting and Sorting of Larvae Samplings were held in March 2013 in CBS and BL sites, located in the upper part of the Park. In May 2013 a new collection in the lower part of the Park, in CBU, TQ and VN was performed. The larvae of Simuliidae were manually collected, caught up directly from the riffle litter then placed in labeled plastic bags containing 70% ethanol for preservation and hydration of larvae for transport to the laboratory.
The material was taken to the Laboratório de Zoologia of the Centro Universitário de Volta Redonda (UniFOA), where it was screened. After sorting, the material was analyzed at the Laboratório de Biotecnologia Ambiental from the Centro Universitário Estadual da Zona Oeste (UEZO). Groups of 30 larvae from each collection point were randomly selected, and then were photographed with the aid of a stereoscopic microscope connected to a Moticam 5 image capture system. The length from the base of the head capsule to the posterior end of the body of the larvae was measured by their images captured with the assistance of CMEIAS 1.28 -IT software.
Statistical analysis Larvae sizes were tested for normality using the Shapiro-Wilk test, and subsequently submitted to linear regression, Kruskal-Wallis and a Cluster Analysis based in the Bray-Curtis similarity index.
Results and Discussion A total of 150 larvae were analyzed, respectively 30 larvae of each site, summing up five sampling sites. The hypothesis that Simuliidae larvae of higher altitudes should be larger was corroborated by the Kruskal-Wallis analysis, in which the sampling sites that were located at higher altitudes (Campo Belo (source) and Brejo da Lapa) had individuals that had significantly greater size (p <0.05) than those from lower altitudes (Campo Belo -urban, Taquaral and Véu da Noiva), as Bergmann's Rule predicts (Figure 2 ). The linear regression was significant (P < .001, R2=0.34), showing a positive correlation between altitude and larvae body length (Figure 3 ). The similarity in body length of the larvae between the collection sites was assessed by means of Cluster analysis (Fig. 4) , which grouped the sites of the highland (CBS and CBU) in the same branch , and grouped in the other branch sites in the lowland (TQ and VN) . The CBU site, although located in the lower part, was in an individual branch, indicating a comparatively lower similarity in relation to the other sites (even though it showed an elevated similarity of 85%). Such fact maybe due to the major anthropogenic pressures from human activities, as it is located in an urban area, outside of the limits of the Park. This pattern was also described in a study of Lutzomyia intermedia (Lutz and Neiva 1912) by Marcondes et al (1999) in which it was observed the influence of altitude on the sizes of some structures in insects captured at higher locations, also following the predictions of the Bergmann's rule. Another study that also approached the relationship between body size and the altitude gradient was Angilleta and Dunham(2003) in which animals raised at lower temperatures grew more.
Thus, the present study indicates a relationship between the gradient of altitude and body size of larvae of Diptera: Simullidae in Itatiaia National Park, RJ, since the collection sites located at higher altitudes (CBS and BL) had higher body when compared to larvae collected at low altitudes (CBU, TQ and VN), suggesting Bergmann's Rule can be applied to black fly larvae. The study of phenomena related to altitude gradients, such as the Bergmann's Rule are of extreme relevance as they provide insights of possible effects of climate change.
